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Description 

[0001]  The  present  invention  relates  generally  to 
steerable  catheters,  and  more  specifically,  but  not  exclu- 
sively,  to  steerable  electrophysiology  catheters  for  use 
in  mapping  and  ablation  of  the  heart. 
[0002]  The  heart  includes  a  number  of  pathways 
which  are  responsible  for  the  propagation  of  signals 
necessary  for  normal  electrical  and  mechanical  func- 
tion.  The  present  invention  is  concerned  with  treatment 
of  tachycardia,  abnormally  rapid  rhythms  of  the  heart 
caused  by  the  presence  of  an  arrhythmogenic  site  or 
accessory  pathway  which  bypasses  or  short  circuits  the 
normal  pathways  in  the  heart.  Tachycardias  may  be 
defined  as  ventricular  tachycardias  (VTs)  and  supraven- 
tricular  tachycardias  (SVTs).  VTs  originate  in  the  left  or 
right  ventricle  and  are  typically  caused  by  arrhyth- 
mogenic  sites  associated  with  a  prior  myocardial  infarc- 
tion.  SVTs  originate  in  the  atria  and  are  typically  caused 
by  an  accessory  pathway. 
[0003]  Treatment  of  both  ventricular  and  supraven- 
tricular  tachycardias  may  be  accomplished  by  a  variety 
of  approaches,  including  drugs,  surgery,  implantable 
pacemakers/  defibrillators,  and  catheter  ablation.  While 
drugs  may  be  the  treatment  of  choice  for  many  patients, 
drugs  typically  only  mask  the  symptoms  and  do  not  cure 
the  underlying  cause.  Implantable  devices,  on  the  other 
hand,  usually  can  correct  an  arrhythmia  only  after  it 
occurs.  Surgical  and  catheter-based  treatments,  in  con- 
trast,  will  actually  cure  the  problem  usually  by  ablating 
the  abnormal  arrhythmogenic  tissue  or  accessory  path- 
way  responsible  for  the  tachycardia.  The  catheter- 
based  treatments  rely  on  the  application  of  various 
destructive  energy  sources  to  the  target  tissue,  includ- 
ing  direct  current  electrical  energy,  radiofrequency  elec- 
trical  energy,  laser  energy,  and  the  like. 
[0004]  Of  particular  interest  to  the  present  invention, 
are  radiofrequency  (RF)  ablation  protocols  which  have 
proven  to  be  highly  effective  in  tachycardia  treatment 
while  exposing  the  patient  to  minimum  side  effects  and 
risks.  Radiofrequency  catheter  ablation  is  generally  per- 
formed  after  an  initial  mapping  procedure  where  the 
locations  of  the  arrhythmogenic  sites  and  accessory 
pathways  are  determined.  After  mapping,  a  catheter 
having  a  suitable  electrode  is  introduced  to  the  appro- 
priate  heart  chamber  and  manipulated  so  that  the  elec- 
trode  lies  proximate  the  target  tissue.  Radiofrequency 
energy  is  then  applied  through  the  electrode  to  the  car- 
diac  tissue  to  ablate  a  region  of  the  tissue  which  forms 
part  of  the  arrhythmogenic  site  or  the  accessory  path- 
way.  By  successfully  destroying  that  tissue,  the  abnor- 
mal  signaling  patterns  responsible  for  the  tachycardia 
cannot  be  sustained.  Methods  and  systems  for  perform- 
ing  RF  ablation  by  controlling  temperature  at  the  abla- 
tion  site  are  described  in  WO93/20770  entitled  "Method 
and  System  for  Radiofrequency  Ablation  of  Cardiac  Tis- 
sue  "  . 
[0005]  Catheters  designed  for  mapping  and  ablation 

frequently  include  a  number  of  individual  electrode 
bands  mounted  to  the  distal  tip  of  the  catheter  so  as  to 
facilitate  mapping  of  a  wider  area  in  less  time,  or  to 
improve  access  to  target  sites  for  ablation. 

5  [0006]  As  described  in  that  application,  it  is  frequently 
desirable  to  deflect  the  distal  tip  of  the  catheter  into  a 
non-linear  configuration  such  as  a  semicircle,  which 
facilitates  access  to  substantially  all  of  the  heart  walls  to 
be  mapped  or  ablated.  Such  deflection  may  be  accom- 

10  plished  through  the  use  of  pull  wires  secured  to  the  dis- 
tal  tip  which  can  be  tensioned  from  the  proximal  end  of 
the  catheter  to  deflect  the  tip  in  the  desired  configura- 
tion.  In  addition,  mapping  and  ablation  catheters  may 
facilitate  rotational  positioning  of  the  distal  tip,  e.g.  by 

15  rotating  the  entire  catheter  from  the  proximal  end,  or  by 
exerting  torque  on  a  core  wire  secured  to  the  distal  tip 
without  rotating  the  catheter  body  itself. 
[0007]  Catheters  utilized  in  radiofrequency  ablation 
are  inserted  into  a  major  vein  or  artery,  usually  in  the 

20  neck  or  groin  area,  and  guided  into  the  chambers  of  the 
heart  by  appropriate  manipulation  through  the  vein  or 
artery.  Such  catheters  must  facilitate  manipulation  of 
the  distal  tip  so  that  the  distal  electrode  can  be  posi- 
tioned  against  the  tissue  region  to  be  ablated.  The  cath- 

25  eter  must  have  a  great  deal  of  flexibility  to  follow  the 
pathway  of  the  major  blood  vessels  into  the  heart,  and 
the  catheter  must  permit  user  manipulation  of  the  tip 
even  when  the  catheter  is  in  a  curved  and  twisted  con- 
figuration.  Because  of  the  high  degree  of  precision 

30  required  for  proper  positioning  of  the  tip  electrode,  the 
catheter  must  allow  manipulation  with  a  high  degree  of 
sensitivity  and  controllability.  In  addition,  the  distal  por- 
tion  of  the  catheter  must  be  sufficiently  resilient  in  order 
to  be  positioned  against  the  wall  of  the  heart  and  main- 

35  tained  in  a  position  during  ablation  without  being  dis- 
placed  by  the  movement  of  the  beating  heart.  Along 
with  steerability,  flexibility,  and  resiliency,  the  catheter 
must  have  a  sufficient  degree  of  torsional  stiffness  to 
permit  user  manipulation  from  the  proximal  end. 

40  [0008]  One  of  the  problems  with  current  technology 
relates  to  quickly  mapping  a  large  surface  area  of  the 
heart.  Finding  the  target  site  using  conventional  cathe- 
ters  with  linear  electrode  orientations  is  a  tedious  activ- 
ity  requiring  multiple  catheter  placements.  Balloon  or 

45  basket  type  mapping  catheters,  providing  three  dimen- 
sional  arrays  of  endocardial  mapping  electrodes,  have 
been  developed.  However,  these  arrangements  are  typ- 
ically  designed  to  engage  virtually  the  entire  chamber 
wall,  as  opposed  to  a  part  or  region  of  the  chamber  wall. 

so  Such  full-chamber  type  mapping  catheters  lack  the  abil- 
ity  to  direct  an  ablation  electrode  to  a  target  site,  so  they 
are  used  for  mapping  only.  Also,  by  virtue  of  their 
design,  which  is  intended  to  cover  virtually  the  entire 
chamber  wall,  these  full-chamber  type  mapping  cathe- 

55  ters  will  necessarily  lack  the  ability  to  concentrate  the 
mapping  electrodes  at  the  region  of  the  target  site. 
Thus,  while  information  may  be  obtainable  from  the 
entire  chamber  wall,  much  of  it  may  not  be  useful  since 
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it  is  not  near  the  target  site.  Also,  because  these  devices 
fill  an  entire  heart  chamber,  they  may  partially  occlude 
blood  flow  or  cause  coagulation  of  blood,  that  is,  create 
blood  clots. 
[0009]  US  5,181  ,51  1  discloses  an  apparatus  for  anti- 
tachycardia  pacing  using  a  virtual  electrode.  Three  or 
more  electrodes  are  connected  to  the  source  of  anti- 
tachycardia  pacing  therapy  based  on  the  relative  dis- 
tances  determined  and  in  such  a  manner  as  to  create  a 
virtual  electrode  at  the  focus  site  upon  delivery  of  the 
therapy  to  the  heart.  Different  electrode  assembly  con- 
figurations  are  disclosed. 
[001  0]  W093/1  5790  discloses  a  biplanar  deflectable 
catheter  for  arrhythmogenic  tissue  ablation.  The  distal 
catheter  tip  can  be  moved  in  any  direction  in  a  manner 
such  that  the  distal  tip  is  capable  of  accessing  any  point 
on  the  wall  of  the  chamber  entered. 
[0011]  EP  0  479  435  discloses  a  multiple  electrode 
deployable  lead.  The  lead  distal  end  defines  a  plurality 
of  separate,  curvilinear  electrodes  which  naturally 
extend  laterally  outwardly  in  a  curved  arrangement  from 
the  remainder  of  the  lead. 
[001  2]  According  to  the  present  invention,  there  is  pro- 
vided  an  electrode  array  catheter,  for  insertion  into  a 
heart  chamber  for  placement  of  multiple  electrodes 
against  the  heart  chamber  wall  in  the  vicinity  of  a  target 
site,  comprising: 

an  electrode  assembly  including: 
a  distal  end  having  a  single  elongate,  resilient,  con- 
formable  electrode  body;  and 
a  plurality  of  electrodes  distributed  along  the  elec- 
trode  body  so  that  said  electrodes  naturally  assume 
an  array  when  said  electrode  body  is  uncon- 
strained,  said  electrodes  being  distributed  along  the 
electrode  body  so  as  to  be  able  to  contact  a  limited 
portion  of  the  chamber  wall  surrounding  the  target 
site;  characterized  by  further  comprising  a  flexible 
delivery  sheath  having  a  hollow  interior,  a  proximal 
end  and  a  distal  end,  the  electrode  assembly  being 
slidably  mounted  within  the  hollow  interior  of  the 
delivery  sheath  for  movement  between  a  retracted 
position,  at  least  substantially  housed  within  the 
hollow  interior,  and  a  deployed  position,  extending 
from  the  distal  end  of  the  delivery  sheath,  and 
wherein  the  sheath  has  a  distal  tip  which  acts  as  an 
electrode. 

[0013]  Electrode  array  catheters  according  to  the 
present  invention  are  useful  for  a  variety  of  electrophys- 
iology  procedures,  including  mapping,  pacing  and  abla- 
tion  therapy.  The  catheter  includes  a  flexible  delivery 
sheath  having  an  hollow  interior  and  proximal  and  distal 
ends.  The  invention  addresses  and  solves  the  problem 
of  mapping  a  portion  of  the  chamber  wall  of  the  heart  in 
the  vicinity  of  a  target  site  in  a  relatively  short  time  span. 
[0014]  An  electrode  assembly  is  slidably  mounted 
within  the  hollow  interior  of  a  delivery  sheath  for  move- 

ment  between  retracted  and  deployed  positions.  The 
electrode  assembly  includes  a  plurality  of  electrodes 
which  naturally  assume  a  two  or  a  three  dimensional 
array  when  they  are  at  the  deployed  position.  The  elec- 

5  trodes  are  distributed  to  be  able  to  contact  and  conform 
to  the  portion  of  the  chamber  wall  at  the  target  site  when 
in  the  deployed  position.  One  or  more  of  the  electrodes, 
which  may  include  a  central  electrode,  are  preferably 
higher  power,  ablation  electrodes.  The  ablation  elec- 

10  trodes  may  be  physically  larger  than  the  other  elec- 
trodes,  typically  electrodes  used  for  mapping  or  pacing, 
to  accommodate  higher  energy  flows. 
[001  5]  The  electrode  assembly  assumes  a  coiled  con- 
ical  shape  when  in  the  deployed  position  in  one  pre- 

15  ferred  embodiment.  Electrodes  are  preferably  at  spaced 
apart  positions  along  the  coiled,  conically  shaped  elec- 
trode  body  to  create  a  series  of  electrode  pairs. 
[001  6]  The  mapping  electrodes  are  not  typically  suita- 
ble  for  ablation  due  to  the  size  limitations  of  the  conduc- 

20  tor  wires  and  the  size  of  the  electrodes.  However,  the 
current  carrying  capacity  of  the  wires,  signal  traces  and 
electrode  pads  could  be  increased,  such  as  by  increas- 
ing  their  size,  a  change  of  material,  by  cooling  the  vari- 
ous  components,  etc.  Also,  techniques  may  be 

25  developed  which  allow  the  delivery  of  energy  sufficient 
to  ablate  tissue  along  what  is  now  considered  low 
energy  wires,  traces  and  electrodes.  With  the  present 
invention,  ablation  may  be  successful  with  lower 
power/smaller  lesions  since  the  electrode  array  can  be 

30  more  accurately  located  near  the  target  site;  this  accu- 
racy  of  placement  may  permit  local  "mapping/pacing" 
electrode  pairs  to  be  used  for  RF  energy  delivery  and 
ablation. 
[001  7]  One  of  the  advantages  of  the  invention  is  that, 

35  by  producing  an  array  of  electrodes  designed  to  engage 
only  a  portion  of  the  chamber  wall  of  the  heart,  a  rela- 
tively  large,  but  much  less  than  the  entire,  surface  area 
of  the  heart  can  be  mapped  precisely  and  in  a  relatively 
short  time  span.  Since  the  physician  generally  knows 

40  the  approximate  area  where  the  target  site  is  located  on 
the  chamber  wall  surface,  mapping  of  the  entire  cham- 
ber  wall  is  not  generally  needed.  Therefore,  a  more 
localized  concentration  of  electrodes  can  be  used  with 
the  present  invention  than  would  be  typical  of  a  cham- 

45  ber-f  illing  device.  This  helps  the  device  made  according 
to  the  present  invention  be  simpler  to  use  and  the  result- 
ing  information  easier  to  process.  Conventional  cham- 
ber-filling  mapping  probes  also  may  not  be  suitable  for 
ablation,  only  mapping. 

so  [0018]  The  pinpointing  of  a  target  site  for  ablation  can 
be  speeded  up  dramatically  without  the  multiple  cathe- 
ter  placements  necessary  with  conventional  linear  elec- 
trodes.  The  invention  also  permits  the  application  of  a 
greater  number  of  electrodes  against  the  portion  of  the 

55  chamber  wall  being  investigated  than  is  possible  with 
conventional  large  diameter  linear  electrode  catheters. 
[001  9]  Another  advantage  of  the  invention  over  the 
prior  art  is  the  ability  of  the  electrodes  to  conform  to  the 
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region  of  the  chamber  wall  being  mapped.  Electrodes, 
which  preferably  are  in  closely  spaced  pairs,  provide  the 
user  with  specific  information  regarding  the  electrical 
activity  within  the  region  regardless  of  the  surface  con- 
tour. 
[0020]  Other  features  and  advantages  of  the  invention 
will  appear  from  the  following  description,  given  by  way 
of  example  only,  in  which  the  preferred  embodiments 
have  been  set  forth  in  detail  in  conjunction  with  the 
accompanying  drawings. 

Fig.  1  is  a  simplified  perspective  view  of  an  elec- 
trode  assembly  of  a  first  embodiment  of  the  inven- 
tion  having  a  coiled,  conical  tip; 
Fig.  2  is  an  enlarged  end  view  of  the  coiled,  conical 
tip  of  Fig.  1  ; 
Figs.  2A-2C  illustrate  electrode  assembly  tips  hav- 
ing  an  inverted  conical  shape,  a  planar  serpentine 
shape  and  a  planar  coil  shape,  respectively; 
Figs.  3A-3D  are  cross-sectional  views  of  the  elec- 
trode  assembly  taken  along  lines  3A-3A  through 
3D-3D  in  Fig.  1  respectively; 
Fig.  4  is  an  enlarged  cross-sectional  view  taken 
along  line  4-4  of  Fig.  2; 
Fig.  5  is  a  simplified  side  view  of  a  steerable  deliv- 
ery  sheath  used  with  the  electrode  assembly  of  Fig. 
1  to  create  a  first  embodiment  of  an  electrode  array 
catheter  made  according  to  the  invention; 
Figs.  6  and  7  are  cross-sectional  views  taken  along 
lines  6-6  and  7-7  of  Fig.  5,  respectively; 

[0021]  The  invention  is  directed  to  an  electrode  array 
catheter  such  as  shown  in  Figs.  1  -7.  An  exemplary  cath- 
eter  constructed  in  accordance  with  the  principles  of  the 
present  invention  includes  an  electrode  assembly  2 
which  will  be  described  with  reference  to  Figs.  1  -4  and  a 
steerable  delivery  sheath  4  shown  in  Figs.  5-7.  All 
dimensions  given  for  each  embodiment  are  exemplary 
only,  and  it  will  be  appreciated  that  specific  dimensions 
may  be  varied  considerably  while  remaining  within  the 
scope  of  the  present  invention. 
[0022]  Electrode  assembly  2  includes  an  electrode 
catheter  body  6  extending  from  an  electrical  connector 
8  at  a  proximal  end  to  a  tip  electrode  10  at  a  distal  end. 
Body  6,  as  shown  in  Figs.  3A  and  3B,  includes  a  0.46 
mm  (.018  inch)  diameter  stainless  steel  support  man- 
drel  1  2  extending  from  connector  8  to  a  transition  region 
13  and  a  0.31  mm  (.015  inch)  core  14  extending  from 
core  transition  region  13  to  tip  electrode  10.  A  0.71  mm 
(.028  inch)  OD/0.51  mm  (.020  inch)  ID  stainless  steel 
hypotube  1  6  surrounds  support  mandrel  1  2  and  an  ini- 
tial  portion  of  core  14.  See  Figs.  3A-3C.  Hypotube  16 
extends  a  relatively  short  distance  past  core  transition 
region  13  and  is  crimped,  as  shown  in  Figs.  3B  and  3C, 
onto  the  abutting  ends  of  support  mandrel  12  and  core 
14  at  transition  region  13.  A  number,  sixteen  in  the  pre- 
ferred  embodiment,  of  insulated  conductor  wires  1  8  are 
located  about  hypotube  16  within  an  outer  Pebax® 

jacket  20  having  a  1.12  mm  (.044  inch)  ID  and  a  1.32 
mm  (.052  inch)  OD.  Pebax®  is  the  trademark  for  a  poly- 
ether  block  polyamide  copolymer  made  by  Elf  Atochem, 
Inc.  of  Philadelphia,  PA.  Just  past  transition  region  13,  a 

5  smaller  Pebax®  jacket  22  having  a  0.79  mm  (.031  inch) 
ID  and  a  0.94  mm  (.037  inch)  OD  is  used.  Core  14  is 
preferably  made  from  a  super  elastic  spring  material, 
such  as  nickel-titanium  alloys  (NiTi),  such  as  that  avail- 
able  from  Furukawa  Electric  Company  Ltd.  of  Tokyo, 

10  Japan.  NiTi  is  preferred  for  core  14  because  it  is  very 
resilient  and  has  a  very  good  spring  memory  for  its  prior 
shape,  even  when  highly  flexed.  Other  highly  deforma- 
ble  spring  materials,  such  as  spring  steel  or 
braided/coiled  spring  materials,  might  also  be  used. 

15  [0023]  In  the  embodiment  of  Figs.  1  -4,  the  tip  24  of  the 
catheter  is  made  so  that  it  assumes  a  coiled  conical 
shape  as  shown  in  Figs.  1  and  2.  Electrode  assembly  2, 
when  inserted  into  delivery  sheath  4,  will  have  its  tip  24 
in  a  straightened  orientation  since  it  is,  prior  to  deploy- 

20  ment,  housed  within  delivery  sheath  4.  Only  after  tip  24 
is  moved  to  its  deployed  position  external  of  delivery 
sheath  4  will  the  tip  assume  its  coiled  conical  shape.  Tip 
24  can  also  be  made  as  an  inverted  coil  tip  24a,  a  planar 
serpentine  tip  24b  or  a  flat  coil  tip  24c  as  illustrated  in 

25  Figs.  2A-2C.  Tip  24  includes  fifteen  electrodes  26  along 
its  length.  Fourteen  of  electrodes  26  are  spaced  apart 
by  about  0.5-2.0  mm,  typically  about  1  mm,  to  form  7 
pairs  of  electrodes.  Distal  electrode  27  is  paired  with  tip 
electrode  10,  as  shown  in  more  detail  in  Fig.  4  for  map- 

30  ping.  NiTi  core  1  4  is  seen  to  be  surrounded  by  a  polyim- 
ide  sleeve  28  having  a  0.45  mm  (.0179  inch)  OD  and  a 
0.40  mm  (.0159  inch)  ID.  Sleeve  28  provides  electrical 
insulation  between  core  1  4  and  the  electrodes  26/con- 
ductor  wires  18.  Conductor  wires  18  are  electrically 

35  connected  to  electrodes  26  and  tip  electrode  1  0  in  the 
manner  indicated  in  Fig.  4.  Tip  electrode  10  and  the 
conductor  wire  18  connected  to  the  tip  electrode  are 
sufficiently  heavy  duty  to  permit  electrode  1  0  to  be  used 
as  an  ablation  electrode  using  RF  electrical  energy.  Tip 

40  electrode  1  0  can  also  be  used  for  mapping  in  conjunc- 
tion  with  electrode  27  positioned  adjacent  the  tip  elec- 
trode. 
[0024]  It  may  be  desired  to  use  electrodes  other  than 
tip  electrode  10  for  ablation.  This  may  be  accommo- 

45  dated  by  increasing  the  axial  length  of  selected  elec- 
trodes  26  from  about  0.5  mm  to  1  .0  mm  to  about  1  to  10 
mm.  To  maintain  the  desired  flexibility  of  tip  24,  the 
extended  length  ablation-  capable  electrodes  26  can  be 
made,  for  example,  as  a  spiral  coil  about  sleeve  28 

so  instead  of  a  band  as  illustrated  in  Fig.  4.  Also,  ablation- 
capable  electrodes  26  could  be  made  of  braided  mate- 
rial. 
[0025]  Steerable  delivery  sheath  4,  see  Figs.  5-7,  is 
designed  for  use  with  electrode  assembly  2.  Sheath  4 

55  has  a  hollow  interior  30  extending  along  its  entire  length 
from  Luer  lock  fitting  32  at  its  proximal  end  to  a  tip  ring 
34  at  its  distal  end.  Sheath  4  includes  a  sheath  body  36 
having  a  Pebax®  jacket  38  surrounding  a  braided  layer 

4 
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40.  A  TFE  liner  42  is  within  braided  layer  40  and  pro- 
vides  a  lubricous  surface  for  the  passage  of  electrode 
assembly  2  within  hollow  interior  30  formed  within  liner 
42.  Other  lubricious  materials,  such  as  FER  ETFE  or 
PE,  could  be  used  instead  of  TFE  for  liner  42. 
[0026]  Hollow  interior  30  is  formed  eccentrically  within 
TFE  liner  42  to  provide  room  for  an  axial  bore  44  hous- 
ing  a  TFE-coated  manipulator  wire  46.  Manipulator  wire 
46  has  a  ball  48  at  its  distal  end  which  is  too  large  to  fit 
through  a  bore  50  in  tip  ring  34.  The  proximal  end,  not 
shown,  of  manipulator  wire  is  connected  to  a  tip  deflec- 
tion  control  52  mounted  to  a  handle  54. 
[0027]  The  distal  end  of  catheter  body  36  includes  a 
deflecting  section  56  distal  of  a  jacket  transition  line  58. 
Deflecting  section  56  is  less  stiff  than  the  proximal  end 
of  catheter  body  to  allow  deflecting  section  56  to  be  suf- 
ficiently  flexible  for  the  proper  guidance  by  wire  46  while 
providing  appropriate  structural  integrity  for  the  remain- 
der  of  catheter  body  36.  Tip  deflection  control  52  is  pref- 
erably  an  axially  movable  type  so  that  pulling  on  control 
52  causes  the  distal  end  of  catheter  body  36  to  deflect. 
Other  types  of  controls  could  be  used  as  well.  Also, 
more  than  one  manipulator  wire  46  could  be  used. 
[0028]  In  use,  electrode  assembly  2  has  its  tip  24  pre- 
formed  into  the  coiled,  conical  shape  of  Fig.  1  .  Electrode 
tip  24  is  then  inserted  through  Luer  lock  fitting  32  and 
into  hollow  interior  30.  Electrode  assembly  2  is  contin- 
ued  to  be  directed  through  hollow  interior  30  until  tip 
electrode  10  is  just  proximal  to  deflecting  section  56. 
Using  appropriate  surgical  techniques,  the  catheter  is 
guided  into  the  heart  chamber  under  consideration. 
Near  the  target  site  to  be  investigated  or  treated,  elec- 
trode  assembly  2  is  pushed  axially  and  distally  until  tip 
24  extends  past  tip  ring  34  and  assumes  a  coiled,  coni- 
cal  shape.  Tip  24  can  then  be  placed  against  the  cham- 
ber  wall  at  the  target  site  under  consideration.  If  desired, 
tip  24  may  be  manipulated  to  deflect  laterally  and  torque 
the  longitudinal  axis  of  body  6  prior  to  being  placed 
against  the  chamber  wall.  The  flexibility  and  resilience 
of  tip  24  is  such  that  it  will  closely  conform  to  the  shape 
of  the  chamber  wall  at  the  target  site,  whether  it  be  flat, 
convex,  concave,  or  a  combination.  This  conformance 
ensures  a  maximum  number  of  electrodes  26  will  actu- 
ally  contact  the  chamber  wall. 
[0029]  A  conductor  has  to  be  used  on  steerable  deliv- 
ery  sheath  4  to  deliver  RF  energy  for  ablation  to  an  elec- 
trode  mounted  as  the  tip  ring  34.  It  may  be  possible  to 
do  this  through  the  use  of  manipulator  wire  46  as  both 
the  manipulator  wire  and  as  an  electrical  conductor. 
[0030]  Modification  and  variation  can  be  made  to  the 
disclosed  embodiments  without  departing  from  the  sub- 
ject  of  the  invention  as  defined  in  the  following  claims. 
For  example,  the  number  of  electrodes  for  use  with  the 
electrode  assemblies  could  vary  greatly,  from  only  4  to 
1,000.  Instead  of  super-elastic  NiTi,  core  14  could  be 
made  of  heat-shape  memory  NiTi.  This  alloy,  also  avail- 
able  from  Furukawa  Electric  Co.  Ltd.,  can  be  used  for 
core  1  4  so  that  tip  24  is  flexible  but  straight  below  a  tran- 

sition  temperature  and  is  flexible  and  curved,  such  as 
illustrated  in  Figs.  1  and  2A-2C,  above  the  transition 
temperature.  The  transition  temperature  would  be  cho- 
sen  so  that  after  tip  24  is  at  or  near  the  target  site,  core 

5  1  4  could  be  heated  (such  as  electrically  or  with  a  warm 
saline  solution)  so  tip  24  assumes  its  predetermined 
curved  shape. 

Claims 
10 

1.  An  electrode  array  catheter,  for  insertion  into  a 
heart  chamber  for  placement  of  multiple  electrodes 
against  the  heart  chamber  wall  in  the  vicinity  of  a 
target  site,  comprising: 

15 
an  electrode  assembly  (2)  including: 
a  distal  end  having  a  single  elongate,  resilient, 
conformable  electrode  body  (24);  and 
a  plurality  of  electrodes  (26)  distributed  along 

20  the  electrode  body  (24)  so  that  said  electrodes 
(26)  naturally  assume  an  array  when  said  elec- 
trode  body  (10)  is  unconstrained,  said  elec- 
trodes  (26)  being  distributed  along  the 
electrode  body  (24)  so  as  to  be  able  to  contact 

25  a  limited  portion  of  the  chamber  wall  surround- 
ing  the  target  site;  characterized  by  further 
comprising  a  flexible  delivery  sheath  (4)  having 
a  hollow  interior,  a  proximal  end  and  a  distal 
end,  the  electrode  assembly  (2)  being  slidably 

30  mounted  within  the  hollow  interior  of  the  deliv- 
ery  sheath  (4)  for  movement  between  a 
retracted  position,  at  least  substantially  housed 
within  the  hollow  interior,  and  a  deployed  posi- 
tion,  extending  from  the  distal  end  of  the  deliv- 

35  ery  sheath  (4);  and  wherein  the  sheath  (4)  has 
a  distal  tip  which  acts  as  an  electrode. 

2.  The  catheter  of  claim  1  wherein  the  electrode  body 
naturally  assumes  a  two-dimensional  shape  when 

40  unconstrained. 

3.  The  catheter  of  claim  2  wherein  the  two-dimen- 
sional  shape  is  a  serpentine  shape. 

45  4.  The  catheter  of  claim  2  wherein  the  two-dimen- 
sional  shape  is  a  flat  coil. 

5.  The  catheter  of  claim  2  wherein  the  electrode  body 
naturally  assumes  a  coiled,  conical  shape  when  in 

so  the  deployed  position. 

6.  The  catheter  of  claim  5  wherein  the  coiled,  conical 
shape  is  a  diverging  coiled  conical  shape. 

55  7.  The  catheter  of  any  preceding  claim  wherein  the 
electrodes  include  a  plurality  of  mapping/pacing 
electrodes  and  at  least  one  ablation  electrode. 

25 

30 
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8.  The  catheter  of  any  preceding  claim  wherein  the 
electrode  assembly  includes  a  temperature-sens- 
ing  ablation  electrode. 

Patentanspruche 

1.  Katheter  mit  Elektrodenanordnung,  der  in  eine 
Herzkammer  eingebracht  wird,  urn  mehrere  Elek- 
troden  an  die  Herzkammerwand  in  der  Nahe  des 
Zielorts  anzubringen,  und  der 

eine  Elektrodeneinheit  (2)  enthalt  mit 
einem  distalen  Ende,  das  einen  einzelnen  ver- 
langerten,  federnden,  gleichformigen  Elektro- 
denkorper  (24)  aufweist,  und  mit 
mehreren,  entlang  dem  Elektrodenkorper  (24) 
derart  verteilten  Elektroden  (26),  daB  diese  von 
selbst  eine  regelmaBige  Anordnung  anneh- 
men,  wenn  der  Elektrodenkorper  (10)  ent- 
spannt  ist,  wobei  die  Elektroden  (26)  entlang 
dem  Elektrodenkorper  (24)  derart  verteilt  sind, 
daB  sie  einen  begrenzten,  den  Zielort  umge- 
benden  Bereich  der  Kammerwand  beriihren 
konnen,  dadurch  gekennzeichnet,  daB  der 
Katheter  weiterhin  eine  flexible  Zufuhrumman- 
telung  (4)  mit  einem  hohlen  Inneren,  einem 
proximalen  und  einem  distalen  Ende  aufweist, 
wobei  die  Elektrodeneinheit  (2)  gleitend  inner- 
halb  des  hohlen  Innenraums  der  Zufuhrum- 
mantelung  (4)  angebracht  ist,  urn  zwischen 
einer  eingeschobenen  Stellung,  bei  der  sie 
zumindest  nahezu  vollstandig  innerhalb  des 
hohlen  Innenraums  untergebracht  ist,  und 
einer  ausgefahrenen  Stellung,  bei  der  sie  uber 
das  distale  Ende  der  Zufiihrummantelung  (4) 
hinausragt,  bewegt  werden  zu  konnen,  und 
wobei  die  Ummantelung  (4)  eine  distale  Spitze 
aufweist,  die  als  Elektrode  fungiert. 

2.  Katheter  nach  Anspruch  1  ,  bei  dem  der  Elektroden- 
korper  im  entspannten  Zustand  von  selbst  eine 
zweidimensionale  Gestalt  annimmt. 

3.  Katheter  nach  Anspruch  2,  bei  dem  die  zweidimen- 
sionale  Gestalt  die  Form  einer  Serpentine  hat. 

4.  Katheter  nach  Anspruch  2,  bei  dem  die  zweidimen- 
sionale  Gestalt  eine  f  lache  Spule  darstellt. 

5.  Katheter  nach  Anspruch  2,  bei  dem  der  Elektroden- 
korper  in  ausgefahrener  Stellung  von  selbst  eine 
spulenformige,  konische  Gestalt  annimmt. 

6.  Katheter  nach  Anspruch  5,  bei  dem  die  spulenfor- 
mige,  konische  Gestalt  eine  divergierende  spulen- 
formige  konische  Form  besitzt. 

7.  Katheter  nach  einem  der  vorangehenden  Ansprti- 

che,  bei  dem  die  Elektroden  eine  Vielzahl  von  ver- 
messenden/schrittmachenden  Elektroden  und 
zumindest  eine  Ablationselektrode  umfassen. 

5  8.  Katheter  nach  einem  der  vorangehenden  Ansprti- 
che,  bei  dem  die  Elektrodeneinheit  eine  tempera- 
turmessende  Ablationselektrode  enthalt. 

Revendications 
10 

1.  Catheter  a  reseau  d'electrodes,  destine  a  etre 
insere  dans  une  cavite  du  coeur  pour  la  mise  en 
place  d'electrodes  multiples  contre  la  paroi  de  la 
cavite  du  coeur  au  voisinage  d'un  site  cible,  com- 

15  prenant  : 

un  ensemble  d'electrodes  (2)  incluant  : 
une  extremite  distale  possedant  un  seul  corps 
allonge,  resilient  et  conformable  (24)  a  electro- 

20  des;  et 
une  pluralite  d'electrodes  (26)  reparties  le  long 
du  corps  (24)  a  electrodes  de  sorte  que  lesdi- 
tes  electrodes  (26)  torment  normalement  un 
reseau  lorsque  ledit  corps  (24)  a  electrodes 

25  n'est  pas  soumis  a  une  contrainte,  lesdites 
electrodes  (26)  etant  reparties  le  long  dudit 
corps  (24)  a  electrodes  de  maniere  a  pouvoir 
venir  en  contact  avec  une  partie  limitee  de  la 
paroi  de  la  cavite  entourant  le  site  cible; 

30  caracterise  en  ce  qu'il  comporte  en  outre  un 
tube  flexible  d'amenee  (4)  possedant  un  inte- 
rieur  creux,  une  extremite  proximale  et  une 
extremite  distale,  I'ensemble  d'electrodes  (2) 
etant  monte  de  maniere  a  pouvoir  glisser  dans 

35  I'interieur  creux  du  tube  d'amenee  (4)  pour  se 
deplacer  entre  une  position  retractee,  dans 
laquelle  il  est  loge  au  moins  essentiellement 
dans  I'interieur  creux,  et  une  position  deployee, 
dans  laquelle  il  s'etend  a  partir  de  I  'extremite 

40  distale  du  tube  d'amenee  (4);  et  dans  lequel  le 
tube  (4)  possede  une  pointe  distale  qui  agit  en 
tant  qu'electrode. 

2.  Catheter  selon  la  revendication  1,  dans  lequel  le 
45  corps  a  electrodes  possede  naturellement  une 

forme  bidimensionnelle  lorsqu'il  n'est  soumis  a 
aucune  contrainte. 

3.  Catheter  selon  la  revendication  2,  dans  lequel  la 
so  forme  bidimensionnelle  est  une  forme  en  serpentin. 

4.  Catheter  selon  la  revendication  2,  dans  lequel  la 
forme  bidimensionnelle  est  une  bobine  plate. 

55  5.  Catheter  selon  la  revendication  2,  dans  lequel  le 
corps  a  electrodes  prend  naturellement  une  forme 
enroulee  conique  lorsqu'il  est  dans  la  position 
deployee. 
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6.  Catheter  selon  la  revendication  5,  dans  lequel  la 
forme  conique  enroulee  est  une  forme  conique 
enroulee  divergente. 

7.  Catheter  selon  I'une  quelconque  des  revendica-  s 
tions  precedentes,  dans  lequel  I'electrode  com- 
prend  une  pluralite  d'electrodes  de  reperage  /  de 
stimulation  et  au  moins  une  electrode  d'ablation. 

8.  Catheter  selon  I'une  quelconque  des  revendica-  10 
tions  precedentes,  dans  lequel  I'ensemble  a  elec- 
trodes  comprend  une  electrode  d'ablation,  pour 
realiser  une  detection  de  la  temperature. 
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